
42 
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Introduct ion 

h, Evans and Yoffe'l) repor ted  lead  azide t o  be a weak photoconductor w i t  
t h e  m a x i m u m  i n  i t s  s p e c t r a l  d i s t r i b u t i o n  occurr ing a t  about 36508. McLaren 
repor ted  t h e  absorpt ion edge t o  b e  40002 and that absorpt ion a t  f requencies  
below t h i s  was due t o  r e s i d u a l  c a r r i e r s  and could be used as an ind ica t ion  of 
t h e  p u r i t y  of the sample. 
and Rogers(3) the photocurrent  f o r  lead a z i d e  w a s  found t o  increase  a t  f i r s t  
rap id ly ,  (but a t  a r a p i d l y  decreasing r a t e )  t o  reach a s a t u r a t i o n  value a f t e r  
about 30 seconds i l lumina t ion ,  the  i n i t i a l  r ise  being produced by photoelec- 
t r o n s  migrat ing toward t h e  anode. With continued i l lumina t ion  t h e  photocur- 
r e n t  decreased by exponent ia l  decay t y p i c a l  of a space charge l i m ' t a t i o n  of 
t h e  flow of e lecfrons,  owing t o  t h e  immobility of p o s i t i v e  holes; j4)  a f t e r  
prolonged i l lumina t ion  t h e  primary photocurrent leveled off a t  about 0.2 of 
the  maximum. A l i n e a r  r e l a t i o n s h i p  w a s  found between t h e  primary photocur- 
r e n t  and t h e  e l e c t r i c  f i e l d  s t r e n g t h  i n d i c a t i n g  t h a t  most of t h e  photoelec- 
t rons  were trapped before  reaching  t h e  anode. Sa tura t ion  of t h e  photocurrent 
by increas ing  t h e  e lectr ic  f i e l d  s t r e n g t h  d i d  not  occur. 

Dumas(5) s tudied  t h e  ra te  of photo lys i s  (photochemical decomposition) of 

In  t h e  photoconductivity experiments of McLaren 

amorphous lead a z i d e  as a func t ion  of the  s p e c t r a l  q u a l i t y  of t h e  inc ident  
l i g h t  and found the  ra te  t o  be proport ional  t o  the  i n t e n s i t y  of i l lumina t ion  
wi th  peaks occurr ing a t  2800i and 24002. 
p a r t i a l l y  decomposed samples, a l though they were detected i n  f r e s h l y  prepared 
samples. The peaks a t  28002 and 24002 were ascr ibed t o  two exc i ton  bands. 
An F center  was assumed t o  be formed from an exci ton by the  t rapping  of an 
e l e c t r o n  a t  an anion vacancy. The p o s i t i v e  holes  from t h e  d i s s o c i a t i o n  of 
t h e  exc i tons  then supposedly d i f f u s e  
form ni t rogen  gas. 

Photocurrents were obtained i n  

t o  t h e  sur face  and combine i n  p a i r s  t o  

Rate-time and r a t e - i n t e n s i t y  curves i n  the photolysis  of sodium, mercur - 
ours, and lead az ide  were repor ted  by Dodd.(6) 
mental quantum y i e l d  was determined t o  be 0.056, a va lue  considered by Dodd 

The d i f f u s i o n  cons tan t  f o r  photolysis  w a s  given as 
;OIE'lif cm'/sec. Dodd considered that the ra te  c o n t r o l l i n g  s t e p  i n  photo lys i s  
might be the  d i f f u s i o n  of some l a r g e  en t i ty , (9)  and t h a t  t h i s  d i f f u s i o n  
e n t i t y  was perhaps molecular n i t rogen  formed along g r a i n  boundaries. 
rate o f  migrat ion of t h e s e  molecules t o  t h e  surface was thus considered t o  be 
d i f f u s i o n  cont ro l led .  

For lead  az ide  t h e  experi-  

l o  er l i m i t .  
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The purpose of the present investigation was to determine some of the 
factors that affect the photoconductive behavior of lead azide thereby augmen- 
ting the rather limited informatiin presently available, to study the defect 
structure and solid state properties of lead azide through photoconductivity, 
and finally to determine possible relationships between photoconductivity and 
explosive sensitivity. 

Experimental Methods 

Compressed pellets made either from especially-grown small single crys- 
tals or from commercial lead azide were used in this investigation. The 
single crystals were grown in the dark by a diffusion method which utilized 
the reaction of hydrazoic acid vapor on a lead nitrate s~lution.~,~ Well- 
formed crystals approximately 5 mm long and 1 nun in diameter were grown by 
this method. 

A special sample holder (Fig. 1) adapted to hold 1/4" and 1/8" pellets, 
held the pressed lead azide pellet under illumination. 
constructed of copper and mounted in a pyrex dewar flask to permit either 
cooling or warming the sample as well as evacuation to prevent oxidation of 
the sample surface. The lead azide pellet was mounted between silver elec- 
trodes electrically insulated from the copper block. Electrical connections 
were made by tungsten leads sealed through the pyrex dewar section. Quartz 
windows were used to permit transmission of ultra-violet light, the windows 
being placed on both sides of the assembly to permit light absorption mea- 
surements if desired. In experiments requiring monochromatic illumination 
the sample holder was mounted in a plastic block and placed in a Beckman 
DK-2 spectrophotometer. 
Farrand Optical Company with a range of 22OOg to 65008 was also employed. 
Illumination was provided by an Osram HBO-200 high pressure mercury lamp 
Model 520-A. A Photovolt Corporation photometer was used to measure the 
intensity of the incident beam controlled by Kodak Wratten neutral density 
filters. The lead azide pellet was mounted in series with a decade shunt, 
which in combination with the electrometer formed a sensitive ammeter. 

Under the influence of an electric field a small dark current was 
observed. This dark current was allowed to reach steady state, and the 
photocurrent was taken to be the increase in the current above this steady- 
state dark current when the sample was illuminated. 

The sample holder was 

A Uvis Grating Monochromator obtained from the 

' 

Experimental Results 

Photoconductivity vs. time, temperature, field strength; 
Figure 2 presents curves showing the variation of photocurrent at 36OC, 
-8OoC, and -195OC with time of illumination, utilizing the full output of 
the lamp and an electrical field strength of about 160 volts/cm. At 36OC 
the photocurrent continued to rise even after 200 seconds illumination. 
For the lower temperatures the photocurrent rose to a maximum value then 
under continued illumination dropped to a fraction of the maximum. 
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The drop  i n  photocurrent may be a t t r i b u t e d  t o  a bu i ld  up of space charge 
r e s u l t i n g  from t h e  decreased mobili ty at  low temperatures of the  pos i t i ve  
holes  c rea t ed  when e l e c t r o n s  a r e  r a i s e d  t o  the  conduction band. This space 
charge was removed by permi t t ing  the  sample t o  warm up t o  room temperature 
and remain over n igh t  wi th  no applied f i e l d .  
however, t h e  space charge disappeared much more rap id ly .  The photocurrents 
i n  genera l  decreased as t h e  temperature was lowered. The f a c t  tha t  i n  the  
example here a higher photoconductivity w a s  recorded a t  -195OC than a t  - 8 O O C  
was ev iden t ly  due to d i f f e rences  i n  the  h i s t o r y  of t he  samples. In  runs (c) 
and (d) which were e s s e n t i a l l y  the  same, the  maximum photocurrent was only 
about one half  t h a t  of run  (b) ind ica t ing  tha t  space charge was s t i l l  present 
t o  l i m i t  t h e  cur ren t .  
which were found t o  be reproducib le  i n  subsequent experiments. 

A t  elevated temperatures, 

There are some pecul ia r  f l a t  s ec t ions  i n  curve (b) 

The e f f e c t  of t he  e l e c t r i c  f i e l d  s t r eng th  on the  photoconductivity of 
l ead  a z i d e  i l lumina ted  a t  40602 was determined by varying the  appl ied  v o l t -  
age. 
appl ied  voltage which ind ica t ed  t h a t  most of t h e  photoelectrons were trapped 
before  reaching t h e  anode, a f a c t  which precluded determination of t h e  
quantum ef f ic iency .  

The r e s u l t  w a s  a l i n e a r  r e l a t ionsh ip  between photocurrent and the  

The e f f e c t  of sample th ickness  f o r  i l lumina t ion  a t  40608 was i n v e s t i -  
gated us ing  118'' d i ame te r  p e l l e t s  containing 10, 15, 20, and 25 mg of 
c o l l o i d a l  l e a d  az ide .  
th ickness .  This w a s  t h e  r e s u l t  of a g rea t e r  number of e l ec t ron  donating 
cen te r s  present  i n  t h e  th i cke r  p e l l e t s  and the  f a c t  t h a t  t he  d is tance  
between e l ec t rodes  remained constant a t  1/8". The photocurrent, on the  
o the r  hand, decreased wi th  p e l l e t  thickness;  t he  decrease w a s  probably due 
t o  the  f a c t  t ha t  t h e  number of e l ec t ron  traps increased with p e l l e t  volume 
(a bulk e f f e c t )  bu t  t h e  reg ion  cont r ibu t ing  photoelectrons remained con- 
s t a n t  s i n c e  the photoe lec t rons  were re leased  i n  a t h in  sur face  l aye r  on t h e  
i l lumina ted  s i d e  of t he  p e l l e t .  
those involving t h e  e f f e c t  of sample  thickness) were made using 20 mg p e l l e t s  
pressed t o  the  same th ickness .  

Photocurrents v s o  wave length  of inc ident  l i g h t  and hea t  treatments:  
Typical curves of photocurrent aga ins t  wave length  f o r  two p e l l e t s  pressed 
from f r e s h l y  dried,  commercially prepared c o l l o i d a l  lead az ide  a r e  shown i n  
Fig. 3. The des i red  wavelength was s e t  on the monochromator while the 
sample w a s  sh ie lded  from the l i g h t .  
which w a s  s u f f i c i e n t  t i m e  f o r  t h e  photocurrent t o  reach i t s  maximum value, 
and the  reading taken, t h e  process being repeated i n  measurements a t  each 
wavelength'. By f a r  t h e  most prominent peak f e l l  a t  40602, with smaller ones, 
somewhat d i f f i c u l t  t o  reso lve ,  located a t  36508, 54002, and 5800g. The major 
peak a t  40608 f e l l  beyond t h e  absorp t ion  edge loca ted  a t  400011. 
occurs at  365061 which is wi th in  the absorption band of lead az ide  but  accord- 
i ng  t o  Dodd, et. a1.,(6) would not occur f o r  longer wavelengths. 
t h e  peak a t  40608 was not  due t o  photolysis.  

The dark cur ren t  proved t o  increase  with p e l l e t  

Because of t h i s  e f f e c t  a l l  runs (other than 

The p e l l e t  was then i l lumina ted  10 seconds, 

Photolysis 

Therefore, 

I n t e r e s t i n g  conduct iv i ty  e f f e c t s  were found i n  p a r t i a l l y  decomposed sam- 
p l e s  obta ined  by heat  t r e a t i n g  lead az ide  a t  25OoC f o r  varying lengths  of time, 
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250°C being well below the  (usual) "explosion" temperature of l ead  azide.  
In i t i a l lyAthe  hea t  treatment w a s  conducted by plunging a small aluminum . capsule containing 50 mg of l ead  az ide  i n t o  a molten metal ba th  of t he  
des i red  temperature. 
5, 10, ang315,minutes of such treatment i s  shown i n  Fig. 4a, and i n  Fig. 4b, 
plotJ$p,ioq zc Pi f f e ren t  scale,  a r e  t h e  photocurrents a f t e r  20, 30, and 40 

The spec t r a l  d i s t r i b u t i o n  of the  photocurrents a f t e r  

eatment. 
i s  increase  becoming p a r t i c u l a r l y  l a rge  with 20 t o  40 minutes 

The increased photoconductivity i n  the  4060x band 

e,  e f f e c t  of more extended "aging" a t  250'C on the  photoconductivity 
i n  the  40608 band w a s  s tud ied  i n  order t o  determine whether the  photoconduc- 
t i v i t y  continued t o  increase,  reached a maximum and then leveled o f f ,  o r  
a t t a i n e d  a maximum and then decreased. 
heated i n  shallow metal t r ays  i n  a drying oven a t  250'C f o r  t i m e s  ranging 
from 5 minutes up t o  260 minutes showed a marked increase  i n  the  dark con- 
d u c t i v i t y  with time. However, i t  w a s  impossible t o  measure the photocurrents 
aga ins t  t h i s  high-dark cu r ren t  background. I n  Fig. 5 a r e  p l o t t e d  the  maximum 
dark cu r ren t s  a s  a func t ion  of the  time of heat-treatment, these  maxima 
occurring a s  a r u l e  2 t o  3 minutes a f t e r  app l i ca t ion  of t he  e l e c t r i c a l  f i e l d .  
The h ighes t  dark cur ren t  occurred a f t e r  about 15 minutes heat treatment.  
Af te r  40 minutes heat-treatment the  dark cur ren t  had leve led  off i n  time a t  
a l e v e l  considerably below t h i s  value. 
v/cm was s u f f i c i e n t  t o  des t roy  near ly  a l l  t he  ava i l ab le  centers  providing 
photocurrent e l ec t rons .  
was neg l ig ib l e  compared t o  t h e  dark cur ren t .  Heat-treating the  lead  az ide  a t  
250'C i n  shallow t r a y s  i n  a drying oven ev ident ly  had a d i f f e r e n t  e f f e c t  than 

Samples of co l lo ida l  lead  az ide  

An e l e c t r i c  f i e l d  s t r eng th  of 1575 

This is suggested by the  f a c t  t h a t  the photocurrent 

e sad1 aluminum capsules i n  the molten metal bath.  The samples 

e shallow samples. 
i t y  of 3.62 g/cm3 is only 4*10-4 cal/cm' sec. Ca/cm and thus 

more e f f i c i e n t l y  exposed t o  the  hea t  owing t o  t h e  smaller 
The thermal conduct 'v i ty  of lead  az ide  a t  

t h e  sample may not have heated e f f i c i e n t l y  i n  the  former method. 

Curve (b) of Fig. 5 was p lo t t ed  from da ta  obtained using t h e  same pe l -  
l e t s  except that the  dark cu r ren t  readings were taken a f t e r  one minute exposure 
t o  the  e l e c t r i c a l  f i e l d ,  a t  which time the  maximum dark cur ren t  had not a s  
y e t  been reached, and curve ( c )  show; t i e  r e s u l t s  of a second r u n  t h a t  was made i n  
t h e  same manner. The dark cu r ren t  was aga in  a maximum a f t e r  10 t o  20 minutes 
heat-treatment although i n  t h e  re - runs  the  absolu te  magnitudes of cur ren t  were 

01 ,the following day t h e  p e l l e t  t h a t  had been hea t - t rea ted  fo r  15 minutes 
was re-run. Before the dark cu r ren t  had leve led  of f  i t  w d s  i l lumina ted  a t  
40602 and .ex!iibited an  increased cu r ren t  flow. 

,Jower. 

When i l lumina t ion  w a s  discon- 
a c t e r i s t i c  exponential  decay of cur ren t  was observed. The dark 
era continue3 t o  increase.  Upon re - i l lumina t ion  t h e  e l e c t r m e t e r  
t o  o s c i l l a t e ,  and the  sample suddenly detonated. Another p e l l e t  
0 minutes was mounted i n  the  holder and the  e l e c t r i c  f i e l d  
l l y .  

t h e  10-8 aTpere range, a t  which t i m e  the  po ten t i a l  was removed quickly t o  avoid 
ano th  sion. 

The dark cur ren t  reading b u i l t  up and went o f €  s c a l e  on 

Col lo ida l  lead  az ide  w a s  t r e a t e d  i n  a s i m i l a r  manner a t  100'C. I n  t h i s  
case, photocurrents were measurable above the  dark cur ren t  background. The 
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photocurrent in t h e  406OX band and the  dark curren t  are shown in Fig.-6 as a 
funct ion  of the time of h e a t  treatment. Maximum values  correponded aga in  t o  
treatment times i n  the 10 to 20 minute range, 

Storage i n  d i f f e r e n t  gases: m e  e f f e c t s  on photoconductivity in the 
40602 band of extended s t o r a g e  a t  35% i n  nitrogen, oxygen, air, carbon dioxide,  
and argon were i n v e s t i g a t e d  using samples prepared by a0ng.(lo) 
lead  az ide  was,placed i n  pprex test tubes wrapped with black tape so as to  be 
l i g h t  t igh t .  
35OC. and dr ied gases w e r e  passed a t  a coustant  rate of  flow through the  samples, 
Samples were removed at d e s i r e d  i n t e r v a l s  and the  lead azide content,  s e n s i t i v i t y  
to l i g h t ,  igni t ion,  and photoconductivity determined. IAe photoconduct ivi t ies  
a r e  shown i n  Fig. 7.  Treatment times were continued t o  80 days f o r  nitrogen, 
air, oxygen, and argon and 28 days fox carbon dioxide. Surpris ingly,  a l a r g e  
increase  i n  photoconductivity was observed f o r  samples s tored  i n  ni t rogen,  
Storage i n  a i r  and oxygen produced much smaller increases,  w h i l e  storage i n  
argon appeared t o  lower the photoconductivity. The exposure in carbon dioxide 
was not  s u f f i c i e n t l y  long to e s t a b l i s h  a d e f i n i t e  trend. zleasureents w e r e  
usua l ly  made i m e d i a t e l y  a f t e r  the samples had been removed frm the treatment 
box. Sowever, tk points marked 1 and 2 are the  values  obtained f o r  -les 
t h a t  had been t r e a t e d  i n  the ni t rogen atmosphere for 65 and 80 &ys respect ively,  
a n d  then rerun €or photoconductivity a f t e r  having been s tored  i n  the &ark in 
a sealed, bard rub& conta iner  a t  ambient condi t ions for about 5 veeb and 
4 w e e k s  respect lvely.  The photocurrents were s i g n i f i c a n t l y  diminished as a 
result of such stmage. i31 air i n d i c a t i n g  a decrease in the nudk=r of e l e c t r o n  
donating centers in t h e  -le. Irs order  to determine wre dePin i te ly  if t h e  
number of centers  could be inf luenced in this say, new samples that had been 
e e a t e d  65 and 80 days in nit rogen a t  35% vere placed in a vac- oven at 
&DO% for 6 hours (with p o i n t s  3 and 4 resu l t ing)  a d  f o r  1 6  hms (points 5 
and 6). 

Ihe c o l l o i d a l  

The test tubes e r e  mounted in  a rack i n s i d e  a box cont ro l led  a t  

%e p b t o c u r r e a t s  were thereby reduced t o  much 1 w . e ~  valwes. 

Mscussion 
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(N3 + e ) $ e  + hv' -? N3 + E 

The r e s u l t  is  the formation of a p o s i t i v e  hole  and a conduction e lec t ron ,  the 
former being immobile a t  low and mobile a t  high temperature. 

The 40608 band i s  by f a r  the  most prominent one i n  the  photoconductivity 
spectrum of a- lead azide. It is  not  assoc ia ted  with photolysis  because photo- 
l y s i s  occurs only f o r  wavelengths shor te r  than the  absorpt ion edge a t  40002. 
The 40602 band was  s t rongly  a f f e c t e d  by hea t  t reatment  and by s torage  i n  n i t r e  
gen gas. For these  reasons it i s  bel ieved t o  be due t o  V c e n t e r s  ( i n t e r s t i -  
t i a l  ni t rogen atoms). 
ni t rogen envir.bnment i n d i c a t e s  t h a t  the  n i t rogen  molecules absorb on  the  lead 
az ide  surface,some cf them d i s s o c i a t i n g  i n t o  ni t rogen atoms, eventua l ly  f ind ing  
t h e i r  way i n t o  i n t e r s t i t i a l  pos i t ions  i n  the  lead  az ide  l a t t i c e  t o  promote 
photoconductivity. Since photoconductivity i n  l e a d  az ide  may be l a r g e l y  a s u r -  
face phenomenon, it i s  poss ib le  t h a t  the  n i t rogen  atoms need not  d i f f u s e  f a r  
i n t o  the l a t t i c e .  The f a c t  t h a t  the  dark conduct ivi ty ,  which is a bulk e f f e c t ,  
was a l s o  increased ind ica tes ,  however, that considerably more than a t h i n  sur- 
face layer  may be involved. The s i z e  of n i t rogen  atoms and molecules and the 
l a t t i c e  parameters of lead  a z i d e  do not p r o h i b i t  the  p o s s i b i l i t y  of d i f fus ion  
i n t o  the  l a t t i c e .  The decomposition of lead az ide  with thearo lu t ion  of n i t r o -  
gen a t  surface and i n t e r n a l  d e f e c t s  of t h e  c r y s t a l  should a l s o  c o n t r i b u t e  t o  
the formation of t h e  V cen ter .  Indeed some of the enhancement in photocon- 
duc t iv i ty  by heat- t reaiment  may be due t o  t h i s  e f f e c t .  These V1 c e n t e r s  con- 
t r i b u t e  t o  the  photocurrent by the following mechanism: 

The enhanced photoconductivity r e s h l t i n g  from the  

N- 3 2N2 + e- 4 

N + s u r f a c e  2 

Nitrogen molecules could d i s s o c i a t e  and e n t e r  t h e  l a t t i c e  forming more V 
cen ters  or d i f f u s e  t o  t h e  sur face  and escape. 
d i f fus ion  constant  reported by Dodd.(6) 
been confirmed by Shuskus, e t .  al . , ( lz)  
b e  a l i n e a r  conf igura t ion  stable only a t  low t e m  e ra tures .  
has been discussed a l s o  by King and Coworkers(13P i n  s t u d i e s  of sodium azide.  

The la t ter  would expla in  t h e  
The presence of the  N4 r a d i c a l  has 
i n  potassium azide;  i t  was repor ted  t o  

This conf igura t ion  

Of p a r t i c u l a r  i n t e r e s t  i s  the  f a c t  t h a t  a maximum i n  the  dark conduct ivi ty  
aga ins t  t i m e  curve occurred a t  about 10 t o  15 minutes treatment a t  250°C and a t  
100°C. It i s  s u r p r i s i n g  t h a t  the  maximum f o r  samples aged a t  100°C occurred a t  
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about the same time as samples aged at 250°C indicating that at least two 
opposing effects are involved or the effect is a zero enthalpy and finite 
entropy one. 

The origin of the 430012 band is as yet unknown. It appeared only in a 
sample aged at 250°C for 15 minutes (see Fig. ha). 
this band may have an important bearing upon sensitivity because this parti- 
cular sample was the one that detonated in the photoconductivity apparatus. 

The centers producing 

The 54002 band had approximately the same intensity as the F band and 
may thus be associated with it in one way or another. 
p-band produced by an excited electron on an anion near an F center. 
possibility is an 5 center (two neighboring vacancies with an associated 
electron). 

The 580012 band is believed to be due to F centers, since this is the 
spectral region where F centers are usually located, and F centers were 
definitely present because the samples became colored under the effect of 
illumination. Electron micrographs of replicas of lead azide crystal sur-  
faces(l4) showed that lead azide decomposed by a semi-conductor mechanism, 
i.e., by a process involving the transfer of electrons. Decomposition is 
accompanied by the growth of lead nuclei on the crystal surfaces, primarily 
on the(010) face and electrons andfor excitons find their way to one of these 
muclei which acts as an electron trap, charging the nucleus negatively where- 
upon the nucleus may then attract lead ions causing the continued growth of 
the nuclei during decomposition. Since the slow decomposition of lead azide 
occurs via an electron transfer processs, the concentrations and types of 
active centers might be expected to influence the slow decomposition of lead 
azide and the consequent formation of a "hot spot" in the case of initiation 
of detonation. 

One possibility is a 
Another 

A miniature card gap test for the sensitiveness of primary explosives to 
shock initiation similar to the standard test adopted for liquid momopropell- 
ants was developed at this laboratory.(l6) 
azide heat-treated for various lengths of time at 25OoC, 117f the lead azide 
being taken from the same batches as those used in the photoconductivity mea- 
surements, in order to make a direct comparison of the sensitivity and photo- 
conductivity results. In these tests the lead azide exhibited a maximum sen- 
sitivity at a treatment time of 15 minutes. A test for measuring the sensi- 
tiveness to initiation by light similar to the one developed by Eggert(18) 
was also applied to heat-treated lead azide,(lO) and a maximum in the sensi- 
tivity was. found to occur after 5 minutes heat-treatment. It is interesting 
to note that the times to sensitivity maxima fell approximately in the same 
range of heat-treatment times that yielded the maximum dark conductivity for 
agin at 25OOC and the maximum dark conductivity and photoconductivity in the 
4060i band for aging at lOOoC . Originally it was thought that the increased 
sensitiveness from heat treatment was due to autocatalytic action of the lead 
specks, although the appearance of the maxima after such short heat-treatment 
times when very little decomposition and lead speck growth had occurred was 
difficult to explain. 
indicated, however, active centers other than lead specks must be produced by 
the heat -treatments. 

It was appli d o colloidal lead 

The dark conductivity and photoconductivity results 

The colloidal lead azide samples that had undergone (dark) storage at 
35°C in various dry atmospheres were also subjected to the light ignition 
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test f o r  s e n s i t i v i t y ( l O )  a f t e r  26, 65, and 80 days. 
gen, a i r ,  and oxygen treatments the  s e n s i t i v i t y  w a s  not found t o  be s i g n i f i -  - can t ly  d i f f e r e n t ,  and it d id  not appear t o  vary with the  length  of treatment. 
Af te r  26 days i n  argon, however, t he  lead az ide  was somewhat l e s s  s e n s i t i v e  
than the  standard and a f t e r  65 and 80 days the  s e n s i t i v i t y  proved t o  be 
lowered considerably more. 
t h e  same material (Fig. 7) a poss ib le  explanation fo r  these  r e s u l t s  i s  t h a t  
during the  previous h i s t o r y  of the  sample exposure t o  the  a i r  w a s  s u f f i c i e n t  
f o r  t he  d i f fus ion  of n i t rogen  and poss ib ly  oxygen i n t o  the  lead  az ide  l a t t i c e  
t o  produce a c t i v e  cen te r s  probably of t h e  V1 type. 
concerned the  argon environment ac t ed  s i m i l a r  t o  a vacuum, reducing the  p a r t i a l  
p ressure  of n i t rogen  t o  zero and allowing the  centers  t o  d i f f u s e  from the  c rys-  
tal.  I n  the  case  of lead  az ide  s to red  i n  nitrogen, a i r ,  and oxygen addi t iona l  
a c t i v e  cen te r s  were formed as shown by the  photoconductivity measurements; the 
increased number of centers ,  al though e a s i l y  detected by photoconductivity, 
were not s u f f i c i e n t  t o  produce a s i g n i f i c a n t  change i n  s e n s i t i v i t y .  

I n  t h e  case  of the  n i t r o -  

I n  view of t h e  photoconductivity r e s u l t s  with 

A s  f a r  a s  these  atoms were 

The above co r re l a t ions  suggest t h a t  one may eventua l ly  r e l a t e  s e n s i t i v i t y  
t o  photoconductivity or possibly dark conduct iv i ty  once t h e  a c t i v e  cen te r s  
a r e  i d e n t i f i e d  tha t exe r t  t he  g rea t e s t  e f f e c t  upon s e n s i t i v i t y ,  and it i s  de te r -  
mined how these  centers  i n t e r a c t  and how t h e i r  concentrations al ter the  slow 
decomposition of lead  azide.  
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Figure 6 .  Photocurrent and dark 'current vs treatment time a t  100°C. 
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